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a b s t r a c t
Semi-insulating GaAs material of 500 μm thickness grown using the Liquid Encapsulated Czochralski
(LEC) method has been compensated with chromium to produce high resistivity single crystals suitable
for spectroscopic imaging applications. Results are presented for the performance of three small pixel
detectors each with 8080 pixels on a 250 μm pitch, fabricated with metal contacts and bonded to
a spectroscopic imaging ASIC. Current–voltage measurements demonstrated a material resistivity
of 2.5109 Ω cm at room temperature. At an optimised bias voltage, the average energy resolution at
60 keV (FWHM) was in the range 2.8–3.3 keV per pixel. An analysis of the voltage dependent X-ray
spectroscopy suggests that the electron mobility lifetime (μτe) for each detector is in the range 2.1–
4.5105 cm2 V1. The spectroscopic imaging capability of the detectors is also demonstrated in X-ray
absorption spectroscopy measurements.
Crown Copyright & 2014 Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/3.0/).
1. Introduction
Semiconductor based X-ray imaging detectors have been under
development for many years. Ideally these detectors should have high
spatial resolution, excellent energy resolution and, in many cases, be
capable of stable operation under high radiation ﬂuxes at room
temperature. Substantial time and resource have led to the develop-
ment of silicon based detectors capable of meeting these requirements
for X-ray energies o20 keV [1,2]. At higher X-ray energies the poor
mass attenuation coefﬁcient of Si leads to a drastic reduction in
detector efﬁciency. Alternative technologies, such as hyper-pure ger-
manium detectors (HPGe), are capable of providing excellent energy
resolution at these higher energies but are difﬁcult to ﬁnely segment
and require large cryogenic cooling systems [3].
The properties of compound semiconductors such as cadmium
telluride (CdTe), mercuric iodide (HgI2), thallium bromide (TlBr) and
gallium arsenide (GaAs) are desirable for the production of high
energy X-ray detectors [4]. The wide band gaps of these compounds
mean that they have high resistivity (4109 Ω cm) and are capable
of room temperature operation, removing the need for cooling
systems. Small pixel imaging detectors fabricated from cadmium
telluride have demonstrated sub-keV energy resolution at hard
X-ray energies [5,6] but are prone to polarisation under high ﬂux
irradiation. Mercuric iodide and thallium bromide, while having
very high resistivity (41012 Ω cm), still suffer from relatively poor
spectroscopic performance and their toxicity and structural stability
represent challenges for some applications [7,8].
Semi-insulating GaAs has a wide band gap of 1.43 eV
and a resistivity of 4107 Ω cm at room temperature. The material
also has excellent charge carrier mobilities of the order μe¼
103 cm2 V1 s1 and μh¼102 cm2 V1 s1 for electrons and holes
respectively [9]. The density of GaAs is low compared with some of
the other compound semiconductors (5.32 g cm3 compared with
7.56 g cm3 for TlBr) but still offers an advantage over traditional
semiconductors such as Si at X-ray energies 410 keV. GaAs has
also demonstrated excellent radiation hardness compared with
other semiconductor detectors, making it suitable for use in
extreme environments [10]. Despite the advantageous properties
of GaAs it is yet to be adopted as a material of choice for X-ray
detection due to the high concentration of traps in the material
that have until now limited its spectroscopic resolution.
2. GaAs:Cr compensation scheme
The EL2 deep donor defect in melt-grown GaAs material has
been the focus of intense research for many years [11–13]. The trap
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is responsible for the poor charge transport properties of semi-
insulating GaAs material as well as instabilities in the detector
electric ﬁeld which have limited the usefulness of the material in
the ﬁeld of X-ray imaging.
The EL2 trap is a complex of an arsenic antisite (AsGa) and an
interstitial arsenic atom, as established by electron spin resonance
(ESR) and electron–nuclear double resonance. The defect complex
sits 0.65 eV below the conduction band and has a typical
concentration of the order 1016 cm3. The presence of EL2 centres
deﬁnes the electric ﬁeld distribution within the detector and limits
the sensitive volume for radiation detection. The ionised EL2
defects (EL2þ) are efﬁcient centres for recombination due to their
large electron trapping cross-section of 41013 cm2. This large
cross-section limits the electron lifetime to values on the order of
109 s, reducing the drift length of electrons and leading to
detectors with poor charge collection efﬁciency and spectroscopic
performance.
Two methods exist for decreasing the concentration of EL2þ
centres within GaAs material. The ﬁrst method is to reduce the
growth temperature through the use of epitaxial growth techni-
ques. While epitaxial grown GaAs material has been shown to
have good properties [14] the thicknesses of the grown layers are
limited to the order of 100 μm, making them unsuitable for the
detection of higher energy X-rays. An alternative method of
reducing the concentration of EL2þ centres is through chromium
compensation of bulk material.
The GaAs material used in this study was grown using the
Liquid Encapsulated Czochralski (LEC) method [15]. The initial
material was grown with an excess of shallow donors (Nd)
producing n-type material with an electron concentration of the
order 1017 cm3. Post-growth, chromium dopant (NCr) is evapo-
rated onto wafers of material and diffused into the bulk through
annealing such that
NCr4Nd4NEL2þ
The diffused chromium produces interstitials in the crystal
lattice (Cri) before becoming ﬁxed at gallium vacancies (VGa),
producing a deep acceptor trap (CrGa.) with an energy of 0.78 eV
above the valance band. Excess shallow donors present in
the initial material ﬁll the ionised EL2þ states, producing the
neutral EL20 and partially compensate the CrGa traps. The resulting
highly compensated p-type material has high resistivity
(ρ1109 Ω cm) and good charge carrier transport properties
(μn4000 cm2 V1 s1 and μp300 cm2 V1 s1), allowing the
production of active layers of up to 1 mm thickness [9].
3. Simulation of the small pixel effect in GaAs detectors
Charge induction in small pixel detectors can be described by
the Shockley–Ramo theorem [16]. The theorem introduces the
concept of the weighting potential which describes how charge
carriers drifting in a detector induce a signal on an electrode. If the
size of the detector pixel is small relative to the thickness of the
detector, then the weighting potential is concentrated close to
the pixel electrodes and this is known as the small pixel effect.
Electrons and holes drifting in such a weighting potential induce a
signiﬁcant amount of charge only when close to the pixel. If the
anode is pixelated and radiation interactions occur close to the
cathode, then the drift of holes will occur far away from the anode
pixel and will not induce a signiﬁcant charge.
The expected weighting potentials in GaAs devices were simu-
lated using a Sentaurus Technology Computer-Aided Design (TCAD)
simulation package [17] which is commonly used to develop and
optimise semiconductor processing technologies and devices. Fig. 1
(Top) shows a TCAD simulation of a 500 μm thick GaAs substrate
with 7 anode pixels of pad size 200 μm and spacing of 50 μm. To
calculate a typical weighting potential the pixel of interest was set to
a voltage of 1 V and all other electrodes were set to 0 V.
With a ratio of the pixel pitch to device thickness of 0.5, a
modest small pixel effect is observed. The energy of the X-rays
interacting within the detector will determine the contribution of
electrons and holes to the detector signal. The mean free path of
X-rays in the GaAs detector was calculated using the NIST XCOM:
Photon Cross-sections Database for energies of 30, 40 and 45 keV.
Fig. 1 (Bottom) shows how the magnitude of the weighting
potential varies across the detector as well as the mean free path
of different X-ray energies.
An X-ray with energy 30 keV will have a mean free path in the
GaAs detector of 135 μm corresponding to a weighting potential
magnitude of 13%. In this instance, the contribution of the
electrons and holes to the induced charge on the pixel will be
87% and 13% respectively. For the higher X-ray energy of 45 keV
the mean free path is 417 μm, corresponding to a weighting
potential of 65%. The relative contribution of the electrons and
holes at this higher energy is 35% and 65% respectively.
Differences in the transport properties of electrons and holes in
the GaAs:Cr material imply that for higher energy events the large
contribution of holes to the induced charge may lead to a
degradation of the detector signal. The simulations suggest that
500 μm thick detectors are suitable for the detection of X-ray
energies o40 keV but to operate efﬁciently at higher energies
thicker detectors may be required [9].
4. Experimental method
Wafers of n-type GaAs were grown using the Liquid Encapsu-
lated Czochralski (LEC) method. Post-growth annealing to com-
pensate crystals with chromium to produce high resistivity, single
crystal, and material was performed by Tomsk State University,
Fig. 1. (Top) A TCAD simulation of the weighting potential of a single pixel in a
500 μm thick GaAs detector with 7 pixels on a 250 μm pitch. (Bottom) A
comparison of the weighting potential for a pad and pixel detector. Indicated on
the plot are the mean free paths of 30 keV (A), 40 keV (B) and 45 keV (C) photons
within the detector.
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Russia. Wafers were patterned with an 8080 array of 200 μm
anode pixels with 50 μm spacing, surrounded by a 100 μm thick
guard band. Back-to-back Schottky electrodes were deposited on
the wafers in the structure SiO2/Au/Ni/Cu/V/GaAs/Ni (anode/GaAs/
cathode) and diced into detectors (#1–#3) each with dimensions
of 20.35 mm20.45 mm0.5 mm; see Fig. 2.
Three GaAs:Cr detectors were assembled at the STFC Ruther-
ford Appleton Laboratory, UK. Silver epoxy glue dots of diameter
150 μm were deposited on each pixel using a stencil printing
technique as shown in Fig. 3. Each detector was bonded to a
HEXITEC ASIC using a Suss Microtec FC150 ﬂip-chip-bonder before
curing in an oven at 100 1C for 12 h. To complete the module
assembly the detectors were mounted on an aluminium base and
the I/O pads of the ASIC wire-bonded to a read-out PCB. In this
arrangement the detectors are capable of 3-side-butting in a 2n
geometry.
Each pixel of the detectors is connected to a single channel
on the HEXITEC ASIC. Charge is read out from each of the GaAs:Cr
pixels using a high-sensitivity charge pre-ampliﬁer which has a
feedback circuit that compensates for pixel leakage currents up to
250 pA. The output of each of the charge ampliﬁers is ﬁltered by a
2 μs CR–RC shaper and a peak track-and-hold circuit records the
maximum output before read-out. The ASIC has two selectable
gain ranges, 4–200 keV and 12–600 keV, and can operate at a
maximum rate of 107 photons per second per module. The ASIC is
uni-polar and is sensitive only to electron read-out. More informa-
tion on the HEXITEC ASIC can be found in Jones et al. [18].
Initial testing of each bonded module consisted of temperature
dependant current–voltage (I–V) measurements. The detectors
were mounted in the HEXITEC data acquisition system (DAQ)
and biased using a Keithley 2410 sourcemeter which was con-
trolled using a code written in LabView. The temperature of the
detector was varied using a DAQ Peltier cooled cold ﬁnger in the
range 280–300 K. The detector temperature was monitored using
a diode on board the HEXITEC ASIC and temperatures were stable
to 70.1 K. During measurements the relative humidity within the
DAQ was maintained at o15% to ensure no condensation formed
on the detector or cold ﬁnger. Leakage current measurements
were made for reverse bias voltages in the range 0.1 to 400 V.
The current was sampled every 1 s and the average calculated over
a 60 s period. I–V measurements were used to determine the
optimal operating voltage to ensure that the maximum leakage
current per pixel of 250 pA was not exceeded. A current limit of
5 μAwas set on the voltage source to ensure that excessive leakage
currents did not ﬂow in the detector; if this limit was reached then
the measurements were discarded.
The spectroscopic performance of the detector was assessed
using an 241Am γ-ray source of activity 185 MBq. The source was
positioned 30 cm from the detector and ﬂat ﬁeld exposures
collected for different reverse bias voltages. Data was collected
for 20 min at each bias voltage to provide adequate statistics for
analysis of each pixel. Data was processed using scripts written in
Cþþ and Mathworks Matlab. For the majority of the measure-
ments reported, a charge sharing discrimination algorithm was
Fig. 2. (Left) A portion of the pixelated anode of one of the GaAs:Cr detectors and (Right) a schematic of the structure of the detector electrodes.
Fig. 3. (Left) Silver loaded epoxy glue dots deposited on each of the pixel bond pads and (Right) one of the assembled detectors mounted on an aluminium module and ﬁtted
with a wire bond protection guard.
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used to remove the effect of charge sharing between pixels [19].
If two or more neighbouring pixels register an event in the same
frame of data then they are rejected as a charge sharing event and
no longer contribute to the displayed spectra.
The imaging performance of the detector was also assessed
using a nano-focused (100 nm diameter) X-ray tube with a
tungsten target in an X-ray Absorption Spectroscopy arrangement.
By varying distance between the sample and the detector it is
possible to obtain images of varying magniﬁcation. The tube
was operated at 80 kV and a power of 1.25 μA. All imaging data
were processed with the charge sharing discrimination algorithm
described above.
5. Results
5.1. Current–voltage characterisation
The I–V characteristics of each of the three GaAs:Cr detectors
were measured after ﬂip-chip-bonding to the HEXITEC ASIC. Each
module was powered up and the DAQ was used to control the
sensor temperature so that I–V characteristics could be measured
in the temperature range 280–298 K. Fig. 4 shows comparisons of
the I–V characteristics of two of the detectors in the voltage range
0.1–400 V measured at the extremes of the temperature range.
The HEXITEC ASIC can compensate leakage currents of up to
250 pA per pixel; above this limit the spectroscopic performance
of individual channels is compromised. Assuming that the leakage
current is equally distributed between all of the pixels of a module
the maximum operating leakage current is 1.6 μA per module.
Using this limit, a maximum operating voltage was chosen for
each detector. The operating voltage of each module is shown in
Table 1.
Using reverse bias measurements in the range 0.1–1 V, the
material resistivity was calculated from a linear regression of
the data points. This was repeated at different temperatures in
the range 298–280 K; see Fig. 5. The temperature dependence of
the material resistivity (ρ) can be described by
ρðTÞ ¼ ρ0exp
EA
kBT
 
ð1Þ
where ρ0 is a constant, EA is the thermal activation energy
governing the conductivity of the material, T is the detector
temperature and kB is the Boltzmann constant. For the case of an
ideal intrinsic material the activation energy will simply be (Eg/2)
where Eg is the material band-gap [20]. For semi-insulating GaAs
material the band-gap has a value of 1.43 eV; therefore, in intrinsic
material, an activation energy of 0.72 eV would be expected.
If ρ is measured as a function of detector temperature then a ﬁt to
Eq. (1) can be used to extract a value for EA. Fig. 6 shows the variation
of ρ as a function of temperature for each of the detectors; ﬁts to the
data produced values for EA in the range 0.63–0.81 eV. The differ-
ences in the measured activation energies suggest that there may be
small variations in the chromium compensation for each of the
detectors but this cannot be conﬁrmed from I–V measurements
alone.
These measured activation energies, although close to the
middle of the band gap, differ from the value expected for intrinsic
material. For real GaAs material, the temperature dependence
of the resistivity close to room temperature is governed by
the ionisation energies of the deep defects responsible for the
Fig. 4. The reverse bias current–voltage characteristics of the three detectors (Left) at a temperature of 298 K and (Right) and at a temperature of 280 K. All three detectors
show a signiﬁcant decrease in leakage current with temperature.
Table 1
Properties of GaAs:Cr detectors as determined from I–V characteristics.
Detector Thickness
(μm)
ρ@298 K
(Ω cm)
ρ@280 K
(Ω cm)
ϕB (eV) Vopp
(V)
#1 502 2.9109 2.31010 0.81 70.02 330
#2 513 2.4109 1.51010 0.74 70.02 325
#3 502 2.7109 1.51010 0.63 70.08 300
Fig. 5. Reverse bias I–V characteristics of GaAs #2 at voltageso1 V in the
temperature range 298–282 K. A linear regression to the data points yields the
material resistivity at each temperature.
M.C. Veale et al. / Nuclear Instruments and Methods in Physics Research A 752 (2014) 6–14 9
compensation of the material which pin the Fermi level close
to the middle of the band gap [20,21]. Previous authors have
suggested that this pinning is due to the EL2 defect but at present
it is unclear what the predominant trapping centres are in the
GaAs:Cr material and this requires further investigation [22,23].
5.2. γ-ray spectroscopy
The spectroscopic performance of each detector was charac-
terised using an 241Am γ-ray source. Spectra were collected at
temperature 280 K and an optimised operating bias as discussed in
the previous section. All of the data were processed using a charge
sharing discrimination algorithm that removes the contribution of
events where charge is shared between multiple pixels.
Fig. 7 shows the effect of this charge sharing discrimination
correction on a typical single pixel γ-ray spectrum. The removal of
shared events leads to a 30% reduction in the total number of
counts, a large reduction of the low energy background and the
removal of some of the tailing observed in 60 keV γ-ray peak. The
remaining tailing still observed in the main photo-peak may be
due to interactions that occur close to the anode pixel.
A calculation of the mean free path of a 60 keV photon in GaAs
gives a value of 900 μm [24] compared to the detector thickness of
500 μm. Due to this large mean free path only 40% of the incident
photons are stopped within the detector with the remaining photons
interacting at a distribution of different interaction depths. As the
detector has a small pixel geometry, as shown earlier in Fig. 1, the
depth of interaction will determine the relative contribution or
electrons and holes to the induced charge on a pixel. Of those
photons stopped in the detector volume, 20% will result in induced
signals where the hole transport is dominant. As the charge transport
properties of holes in GaAs are poorer than those of electrons [9]
they are more susceptible to trapping, resulting in the loss of charge.
These trapping effects lead to the low energy tailing that is observed
in the 60 keV photo-peak of Fig. 7.
For each pixel of the detectors, the FWHM of 60 keV γ-ray
photo-peak was calculated. Fig. 8 shows histograms of the dis-
tribution of FWHM for each of the detectors. The average FWHM
for detectors #1–#3 were 3.370.7 keV, 2.870.5 keV and 3.27
0.7 keV in order. The spectroscopic resolution demonstrated by
these detectors is believed to be the best resolution to be
published to date for thick layers (4100 μm) of GaAs material
[25–28].
Each pixel of the detector was calibrated using 18 keV, 26 keV
and 60 keV lines in the 241Am spectrum. Using the calibrated data
the summed response across the whole detector was calculated
and is shown in Fig. 9. The FWHM of the summed 60 keV peak was
calculated to be 3.5 keV, 2.9 keV and 3.2 keV for detectors #1–#3
in order; this is similar to the average single pixel response and
suggests that the detectors are well calibrated and have a uniform
response.
5.3. Electron charge transport characterisation
241Am γ-ray spectra were collected at varying bias voltages for
each of the detectors. Fig. 10 shows how the observed spectroscopy
Fig. 6. Arrhenius analysis of the temperature dependent resistivity of the three
detectors. A linear regression to the data is used to extract a thermal activation
energy.
Fig. 7. Effect of charge sharing discrimination on the spectroscopic performance of
a typical single pixel spectrum.
Fig. 8. Histograms of the FWHM of 241Am 60 keV γ-ray peak for each pixel of
detectors #1–#3.
Fig. 9. Summed spectroscopic response of all the pixels of detector #2 after energy
calibration and charge sharing discrimination.
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varies across the range of measurement voltages. At high bias
voltages the 60 keV photo-peak and Np daughter peaks are clearly
resolvable but as the bias is decreased the charge collection efﬁciency
of the detector is reduced and the spectroscopic performance
degraded.
The centroid of the 18 keV photo-peak was calculated for each
pixel at each of the measurement voltages and the variation of the
charge collection efﬁciency (CCE) with voltage ﬁtted using the
single charge carrier Hecht equation given as follows [29]:
CCE¼ μτeV
d2
1exp d
2
μτeV
 !" #
ð2Þ
where μτe is the electron mobility–lifetime product, V is the
applied voltage and d is the thickness of the detector. As the
18 keV photons have a mean free range of 30 μm in GaAs,
compared to the 500 μm thickness of the detector, the majority
of interactions will occur close to the planar cathode. As the depth
of interaction is small the drift of holes will not contribute
signiﬁcantly to the detector signal. The 60 keV photo-peak was
not used for this analysis as it contains a signiﬁcant contribution
from the transport of holes.
An algorithm was written in Mathworks Matlab to ﬁt the CCE
data for each of the pixels of the detector. The data points used for
the ﬁts were limited to the range 50–325 V. For voltages below
50 V, 18 keV could no longer be separated from neighbouring
peaks while above 325 V the leakage current in the detector began
to introduce noise in some pixels. The largest changes in the
detector CCE occur at low voltages so the lack of data points below
50 V will introduce additional uncertainty in the calculated values
of μτe; this is estimated to be of the order 725% for each pixel.
An example of the Hecht ﬁt for a single pixel can be seen in
Fig. 11 (Left). The result of the ﬁtting was used to produce maps of
μτe for each of the detectors as shown in Fig. 11 (Right). In all three
detectors the μτe displayed a broadly uniform distribution across
the entire detector area. A small number of pixels (o5%) show
high μτe values of 41105 cm2 V1; these values are due to an
incorrect calculation of the 18 keV peak’s position at 50 V due to
large noise edges at low energy for these speciﬁc pixels.
Fig. 12 displays histograms of the calculated μτe values for each
of the detectors. The distributions of μτe for detectors #1 and
#3 were very similar with an average value of (4.571.6)
105 cm2 V1 and (4.471.6)105 cm2 V1, respectively. In the
case of detector #2 the average value of μτe was measured to be
slightly lower with the value of (2.171.1)105 cm2 V1. It
should be noted that this detector also displayed the best spectro-
scopic performance at high voltage; the reason for this is unclear.
In all three cases, the values of μτe are consistent with previous
published values for the material [15]. Measurements of the
electron mobility (μe) in GaAs:Cr material by other authors [9]
suggest a value of the order 4103 cm2 V1 s1. Based on this
value, the electron lifetime (τe) is estimated to be of the order
1108 s for the GaAs:Cr compensated material, at least an order
of magnitude higher than that expected for uncompensated semi-
insulating GaAs.
6. X-ray absorption spectroscopic imaging
The previous sections have demonstrated the spectroscopic
performance and uniformity of each of the GaAs:Cr detectors.
The following measurements show a simple qualitative demon-
stration of how this spectroscopic performance can be utilised in
imaging applications. A thorough discussion of the application of
Fig. 10. 241Am γ-ray spectrummeasured at varying applied bias voltage. Spectra are
shown for a single pixel of the detector after charge sharing discrimination.
Fig. 11. (Left) Variation in the CCE of 241Am 18 keV photopeak as a function of applied bias. The dashed line shows the result of a ﬁt to the data using the single charge carrier
Hecht equation while the dashed lines reﬂect the uncertainty in the ﬁt. (Right) A map of the calculated μτe values for detector #1.
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spectroscopic imaging, and the required data processing techni-
ques, can be found in Jacques et al. [30] and Pani et al. [31].
A test object was fabricated to demonstrate the potential of
spectroscopic imaging and is shown in Fig. 13 (Left). The object
was fabricated from 0.8 mm thick copper plate and consisted of
ﬁve 3 mm diameter apertures. Each of the apertures was roughly
packed with different materials; a list of these is given in Table 2.
A 15 min exposure at 80 kV (1.25 μA) was taken using detector #2
and the resulting X-ray intensity map can be seen in Fig. 13 (Right).
The measured X-ray intensity is highly dependent on the
material that the X-rays pass through. In the energy range
presented here (5–80 keV) the attenuation of the X-rays will be
dominated by photoelectric absorption where the probability of
absorption (τ) can be approximated using the equation
τﬃN Z
n
E3γ
ð3Þ
where N is a constant, Z is the atomic number of the material, n is
an exponent with a value between 4 and 5 and Eγ is the X-ray/
γ-ray energy. In traditional imaging experiments, changes in
materials are inferred from the variation in the measured X-ray
intensity. This is consistent with the large number of X-rays
observed in Region A in Fig. 13 (Right) which contains the low Z
adhesive putty. In Region C which contains the high Z lead, the
number of X-rays measured is greatly reduced. Valuable informa-
tion is also contained within the energy spectrum of the measured
X-rays which can be used to identify different materials.
Eachmaterial has a number of unique ‘absorption edges’where the
degree of absorption of X-rays changes rapidly. The position of these
absorption edges corresponds to the energy of the electron orbitals
within atoms; the position of these levels increases with Z. The
effectiveness of absorption is described by the material and energy
dependent mass attenuation coefﬁcient (μ⧸ρ). The mean free path, the
average distance an X-ray travels before interacting with the material,
is simply the inverse of the attenuation coefﬁcient (μ1). Fig. 14 shows
the spectra collected at different positions within the test object and
also the variation in the mean free path of X-rays across the same
energy range calculated using the NIST attenuation database [24].
In Region A which contains adhesive putty, strong absorption is
observed at energies o20 keV. This absorption is due to a 0.5 mm
thick steel window that protects the detector rather than the
adhesive putty itself. The steel window strongly absorbsX-ray
energies of o20 keV and will be present in all of the spectra
collected. However, above 20 keV no clear absorption edges are
observed due to the low Z number of the adhesive putty.
In Region B, strong absorption of the X-ray continuum is
observed at energies around 27 keV which corresponds to the K
electron shell absorption edge of Indium. A similar absorption
edge is also observed in Region D at 29 keV which corresponds to
the absorption edge of tin. In Region C, which contains lead, strong
absorption is observed across the whole X-ray continuum with no
clear edges present as they lie at 88 keV which is above the X-ray
tube voltage used in the measurements. This additional data
contained within the energy spectra of X-rays demonstrates the
Fig. 12. Histograms of μτe values for detectors #1–#3 calculated from Hecht ﬁts to
the voltage dependence of the position of 18 keV photopeak.
Fig. 13. (Left) X-ray imaging test object. (Right) A log10 map of the measured X-ray intensity. The areas in the left image correspond to those on the right.
Table 2
A list of the component materials contained in the X-ray imaging test object.
Area Material Z Density (g cm3) Thickness (cm)
A Adhesive putty  6 1.8 0.08
B Indium 49 7.3 0.04
C Lead 82 11.3 0.15
D Tin/lead solder  61 8.5 0.17
E Indium 49 7.3 0.08
F Copper 29 9.0 0.08
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power of high energy, spectroscopic, X-ray imaging techniques for
material identiﬁcation.
7. Conclusions
In this paper the performances of small pixel detectors fabri-
cated from chromium compensated GaAs material have been
characterised using a HEXITEC ASIC. The I–V characteristics of
the detector demonstrated that the material had a high room
temperature resistivity of 2.5109 Ω cm. The variation of the
material resistivity with temperature also suggests that deep
defects pin the Fermi level close to mid-band-gap.
Measurements of 241Am γ-ray spectrum (60 keV) demonstrated
an excellent energy resolution of 3 keV with little spatial variation
observed in the detector response. Voltage dependent spectroscopy
allowed μτe values to be estimated for each pixel of the three devices.
The measured values were of the order 4105 cm2 V1, consistent
with previous measurements on pad detectors and suggest an
electron lifetime in the material of the order 1108 s. Finally the
potential of X-ray absorption spectroscopic imaging was demon-
strated using the GaAs detectors. Measurements showed that the
spectroscopic data contained within the transmitted high energy X-
rays can be used to distinguish between different materials.
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